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ABSTRACT
We study the Minimal Messenger Model, a minimal version of Gauge Mediated Su-
persymmetry Breaking models. Boundary conditions equal to zero for trilinear and
bilinear soft parameters at the messenger scale make this model free from the super-
symmetric CP problem and extremely predictive. These boundary conditions and the
vicinity of the messenger scale to the electroweak one, requires a careful implementa-
tion of the mechanism of radiative breaking of SU(2)×U(1). We assess the importance
of considering the complete one–loop effective potential and of including a set of log-
arithmic two–loop corrections to the B parameter for the correct determination of
the electroweak minimum. We analyze the resulting low–energy spectrum and give
predictions of interest for future experimental searches.

1. Introduction
Models with low–energy breaking of supersymmetry, communicated by gauge interactions to
the observable sector, have recently drawn considerable attention as interesting alternatives to
models in which this communication is mediated by gravity [1]. The minimal realization of the
latter at the electroweak scale is the well known Minimal Supersymmetric Standard Model (MSSM).
The former, the so–called gauge mediated supersymmetry breaking (GMSB) models have, in-
deed, several attractive features. Most important of these is the fact that, as gauge interactions
are flavor blind, squark and slepton masses are universal. Given the low value of the supersymme-
try breaking scale, this universality is hardly broken by the evolution of mass parameters to the
electroweak scale through Renormalization Group Equations (RGE). (Universality means, in this
context, that scalar masses are only functions of gauge quantum numbers, and that A–terms are
small or proportional to fermion yukawa couplings.) Moreover, they can be more predictive than
the MSSM, having a smaller number of free parameters, and may, at least in a minimal variant [2],
provide a solution to the supersymmetric CP problem [3].
In this minimal version, dubbed the Minimal Messenger Model (MMM), trilinear and bilinear
soft parameters vanish at the messenger scale X. Moreover, if X is of O(Λ), with Λ the ratio of
the messenger F-term over X, after the radiative breaking of the electroweak gauge symmetry is
implemented, this model turns out to be practically a one–parameter model, Λ.
Although the MMM was already considered in [2,4,5], the mechanism of breaking of the elec-
troweak gauge group was not always correctly implemented. Furthermore, not all experimental
constraints on the model were always included. The aim of this paper is to present a comprehen-
sive analysis addressing these issues. After a definition of the model in Sect. 2, we will impose the
breaking of SU(2) × U(1) through minimization of the RGE improved tree–level Higgs potential
(Sect. 3.1). In Sect. 3.2, we will demonstrate the importance of considering the full one–loop cor-
rected effective potential for the determination of the electroweak minimum. We will also argue on
the need to include a set of additional two–loop corrections to the parameter B of same size than
those induced by the one–loop effective potential. Finally, we will discuss the viability of the model
for different values of Λ. In the last section, Sect. 4, we will verify which regions of Λ survive the
imposing of experimental bounds coming from direct searches of supersymmetric particles and the
indirect constraint due to the measurement of b→ sγ and list the main predictions of this model.
2. The model
The messenger sector of the MMM consists of only one pair of chiral superfields, Φ, Φ¯, which
transforms as a vectorlike representation of the electroweak gauge group. In particular, having in
mind an embedding of this model in an underlying Grand Unified Theory (GUT), Φ, Φ¯ are chosen
to be in a 5, 5¯ representation of SU(5) ⊃ SU(3)C ×SU(2)L×U(1)Y . They couple at the tree–level
to a singlet S (W = λSΦΦ¯). For simplicity, we neglect the difference in the evolution of λ for the
components of the two 5–plets with different SU(3)C and SU(2)L quantum numbers.
The scalar component of S acquires a vacuum expectation value (VEV ) giving therefore a
supersymmetric mass λ <S> to fermion and scalar components of both messengers. The auxiliary
component of S acquires a VEVas well, and gives rise to a supersymmetry–violating mass term,
λFS , which mixes the scalar components of Φ and Φ¯. The information of supersymmetry breaking
1
is then transmitted to the visible sector via gauge interactions. A soft mass is generated for the
i–th gaugino (i = 1, 2, 3) at the one–loop level, with fermion and scalar components of Φ and Φ¯
exchanged as virtual particles. This is:
Mi (λ <S>) =
1
4π
αi(λ <S>)
FS
<S>
g(x) ; x ≡ FS
λ <S>2
, (1)
where a GUT normalization for the U(1)Y coupling was chosen: α1 = (5/3)αY = (5/3)α/ cos
2 θW .
If we indicate with Λ the ratio FS/ <S> and with X the supersymmetric mass λ <S>, we can
rewrite (1) in a more compact form as:
Mi(X) = α˜i(X)Λ g(x) ; α˜i(X) ≡ αi(X)
(4π)
. (2)
A tilde on gauge and yukawa couplings indicates hereafter a division over 4π. Natural values for x
are of O(1) (i.e. (λ <S>)2 ∼ λFS), but at x = 1 massless scalar messengers appear in the theory.
We choose in the following x = 1/2 and we shall comment on modifications obtained in the limit
x→ 1. In the range 0−1 the function g(x), given in [6], is monotonically increasing and has values
g(0) = 1, g(1) = 1.386.
Communication of supersymmetry breaking is passed to the scalars of the observable sector at
the two–loop level with scalar and fermion components of the messenger fields, gauge bosons and
gauginos exchanged as virtual particles. The masses obtained are:
m2i (X) = 2Λ
2
{
C3 α˜
2
3(X) + C2 α˜
2
2(X) +
3
5
Y 2 α˜21(X)
}
f(x) , (3)
where C3 = 4/3, 0 for triplets and singlets of SU(3)C , C2 = 3/4, 0 for doublets and singlets of
SU(2)L; Y = Q − T3 is the hypercharge and i runs over all scalars present in the theory. The
function f(x), derived in [7] and [6], is almost always a flat function equal to 1, except for a sharp
drop at x = 1, where it has the value 0.7.
Finally, trilinear and bilinear couplings in the soft scalar potential ∗
Vsoft ∋ −(Auhu)ijHuQ˜iU˜ cj + (Adhd)ijHdQ˜iD˜cj + (Aehe)ijHdL˜iE˜cj −BµHdHu (4)
(where Q˜, U˜ c, D˜c etc., as well as Hd and Hu indicate here the scalar components of the corre-
sponding superfields) vanish at the messenger scale:
Aiju (X) = A
ij
d (X) = A
ij
e (X) = 0 ; B(X) = 0 . (5)
The last relation in (5) is the identifying property of this model. (For a discussion on how such a
boundary condition can be theoretically implemented, see [3].) Phenomenologically, it renders the
model very predictive; technically, it makes the search of the correct electroweak minimum rather
complicated.
Low–scale (MZ) inputs of our analysis are: α3 = 0.120, α2 = 0.0335, α1 = 0.0168, corre-
sponding to α−1 = 127.9 and sin2 θW = 0.2316, and loosely compatible with a gauge couplings
unification [8]. As running fermion masses we use mt(MZ) = 171GeV, mb(MZ) = 3.0GeV and
mτ (MZ) = 1.75GeV.
∗This relation, the explicit form of the superpotential W = hije HdLiE
c
j + h
ij
d HdQiD
c
j − h
ij
uHuQiU
c
j − µ
ΛHdHu,
and the multiplication rule HdQ ≡ ǫijHdiQj ; ǫ12 = −ǫ21 = 1, define the sign–conventions used in this analysis
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3. Radiative Breaking of SU(2)L × U(1)Y
3.1. RGE improved tree–level Higgs potential
We evolve all the initial parameters (2), (3), and (5), which depend only on Λ, from X (= 2Λ)
to a decoupling scale Q0. Henceforth, we shall refer to X as to the “high–scale”, as compared to
the “low–scale” ∼MZ . The evolution is performed using the one–loop MSSM RGE. For reference,
we report in Appendix A these equations and the two–loop equation for B, in the approximation of
Kobayashi–Maskawa matrixK ∼ 1l. Those actually used for this analysis, with all intergenerational
mixing terms needed for the calculation of b→ sγ, can be found in [9].
Given the much more modest evolution of the masses of weakly interacting sparticles, and the
fact that they are much lighter than the strongly interacting ones, we take Q20 to be the geometrical
mean of the high–scale values of m2
Q˜
and m2
U˜
. These depend on the decoupling scale itself (see
(3)) since the high–scale gauge couplings are to be obtained from our inputs at MZ through a
running of the Standard Model (SM) RGE from MZ to Q0 and the MSSM RGE from Q0 to X. A
simple iteration allows to find this scale rather quickly. For Λ ∼ 100TeV, Q0 is typically ∼ 1TeV.
All squark masses cluster around this value. Corrections for the inadequacy of this scale for the
weak mass parameters involved in the breaking mechanism will be provided by the inclusion of
the one–loop corrections to the scalar potential, leaving therefore an overall scale ambiguity of the
next order. Unless a different value is explicitly mentioned, the choice of Q0 specified above is that
made throughout this paper. It will appear obvious later on why this is indeed a good choice.
For the high–scale yukawa couplings required as inputs of the MSSM RGE, we need the value of
tanβ . This parameter, together with µ, is obtained by imposing that the electroweak minimum is a
minimum of the neutral Higgs potential, and, indeed, the deepest one. We postpone the discussion
of the latter point to a later moment. As for the former, we require that the first derivatives with
respect to the neutral higgses H0u, H
0
d of the RGE improved tree–level potential
V0 (Q0) = µ
2
Hd
∣∣∣H0d ∣∣∣2 + µ2Hu ∣∣∣H0u∣∣∣2 − (Bµ)(H0dH0u + h.c.) + (g2+g2Y )8
(
|H0d |u − |H0u|2
)2
(6)
( µ2Hi ≡ m2Hi + µ2 (i = u, d)) are equal to zero when it is 〈H0u〉 = vu and 〈H0d 〉 = vd:(
m2Hd + µ
2 + 1
2
(g2+g2Y ) (v
2
d − v2u)
)
2vd − (Bµ) 2vu = 0 (7)(
m2Hu + µ
2 − 1
2
(g2+g2Y ) (v
2
d − v2u)
)
2vu − (Bµ) 2vd = 0 , (8)
and that the obtained solution is a minimum. This minimization condition has to be imposed at
the low–energy scaleMZ . Gauge couplings are indeed evolved down toMZ , whereas, as said before,
the evolution of mass parameters is stopped at Q0: hence, the Q0–dependence of the potential V0.
The equations (8) are more often cast in the form:
µ2 =
m2Hd −m2Hu tan2 β
tan2 β − 1 −
1
2
M2Z ; sin 2β =
2Bµ
m2Hu +m
2
Hd
+ 2µ2
. (9)
Self–consistent solutions of this problem are obtained through a numerical iteration.
It is a priori not obvious that the previous equations can yield physically meaningful results,
due to the little freedom which the model allows and the smallness of the logarithms resummed
by the RGE, i.e. of the period of integration tXQ0 = 2 ln(X/Q0). The peculiar interplay between
3
Figure 1: Gaugino masses as a function of Λ, solid lines. The dashed lines indicates the corresponding
high–energy masses Mi(X). On the right frame are shown the ratios rij and Zi defined in the text.
strongly and weekly interacting sectors in this model, as we shall see, makes possible the breaking
of the electroweak gauge group; maintains B small at low–energy, therefore inducing large values
of tanβ , and has consequences for the viability of the model itself.
The evolution of supersymmetric parameters for which yukawa couplings do not play any role
is independent of the breaking mechanism. Low–scale gaugino masses are:
Mi =Mi(X)Zi = Λα˜i(Q0) g(x) ; Zi ≡ α˜i(Q0)
α˜i(X)
= (1− α˜i(Q0) bi tXQ0) , (10)
where it is: α˜i(Q0) = α˜i/(1 − α˜i bSMi tQ0Z) and tQ0Z ≡ 2 ln (Q0/MZ). (If no scale is specified, it is
understood that the relevant variables are low–energy variables (∼ MZ), with evolution frozen at
Q0 for the massive ones.) For Λ = 100TeV, the period of integration tXQ0 is 10.6 to be compared
with the value ∼ 60 in the MSSM for the same decoupling mass and the high–scale X coinciding
with MGUT ∼ 3 × 1016. The values of the three gauge couplings at X and Q0 as obtained for
Λ = 100TeV, starting from our input values at MZ , are:
α1(X) = 0.0191 ; α2(X) = 0.0331 ; α3(X) = 0.0739 ,
α1(Q0) = 0.0173 ; α2(Q0) = 0.0322 ; α3(Q0) = 0.0910 .
(11)
The coefficients Zi are then: 0.90, 0.97, 1.23 (i = 1, 2, 3).
Gaugino masses, evolution coefficients Zi and ratios rij =Mi/Mj = αi(Q0)/αj(Q0) are shown
in Fig. (1) as function of Λ. Although we analyze this model for all Λ’s from 15 to 150TeV,
we show in this figure only the region from Λ ∼ 62TeV, for reasons which will become clear
after the inclusion of one–loop corrections to V0. For lower Λ’s, the values of Zi hardly deviate
from those given above. Almost unchanged is also r12, whereas r32 reaches 3.3 at Λ ∼ 20TeV.
Again, the values of Zi are to be compared to those obtained in the MSSM for the same scale Q0:
ZGUi = 0.44, 0.84, 2.35(i = 1, 2, 3). For each value of Λ, the gaugino sector in the MMM can be
identified with that in the MSSM for M = Λα˜ig(x)/Z
GU
i .
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The first two generations of scalar masses, whose boundary conditions can be re–expressed in
terms of low–scale gaugino masses (3) as:
m2i (X) = 2
{
C3
(
M3
Z3
)2
+ C2
(
M2
Z2
)2
+
3
5
Y 2
(
M1
Z1
)2} f(x)
(g(x))2
, (12)
evolve according to (A5) in Appendix A and get corrected by quantities ∆mi
2 ≡ mi2 −m2i (X):
∆m2i = 2
{
C3
(
M3
Z3
)2(1−Z32
b3
)
+ C2
(
M2
Z2
)2 (1−Z22
b2
)
+
3
5
Y 2
(
M1
Z1
)2(1−Z12
b1
)}
. (13)
For our choice of x, it is f(x)/(g(x)2) ∼ 1. The corrections (13) amount to ∼ 15% in the squark
sector and at most 5% in the case of sleptons, modestly enlarging the already wide gap existing
between squark and slepton spectra. Dropping the indices of first and second generation, we have,
for Λ = 100TeV:
m2
Q˜
≃ 16.8M22 ; m2U˜ ≃ m
2
D˜
≃ 15.4M22 ; m2L˜ ≃ 1.64M
2
2 ; m
2
E˜
≃ 0.40M22 . (14)
This large gap sharply distinguish the MMM from the MSSM, which in general predicts for the
first two generations of squarks and sleptons the familiar relations :
m2
Q˜
≃ m2+6.4M22 ; m2U˜ ≃ m
2
D˜
≃ m2+5.9M22 ; m2L˜ ≃ m
2+0.68M22 ; m
2
E˜
≃ m2+0.22M22 .
Therefore, whereas the gaugino sector in the two models can be identified through a specific choice
ofM for each value of Λ, an identification of the scalar mass parameters would require very different
values of m2 for squarks and sleptons (10.4M22 and 0.96M
2
2 for the SU(2)L doublets; 9.5M
2
2 and
0.18M22 for the singlets).
The interplay between such a light “weak” sector and the heavy “strong” one is such to turn
m2Hu to large negative values as in the MSSM, making therefore possible the radiative breaking of
SU(2)L × U(1)Y . If, for the purpose of illustration, we keep only the first of the logarithms to be
resummed when solving (A7), we get:
m2Hu = m
2
L˜
(X)− 3α˜t(X)
(
m2
Q˜
(X) +m2
U˜
(X) +m2
L˜
(X)
)
tXQ0 (15)
with αt(X) = h
2
t (X)/(4π) and ht(X) of O(1). The factor ∼ 6 lost in tXQ0 with respect to the
MSSM is compensated in (15) by the heaviness of the squark spectrum. A similar effect si observed
in the evolution of m2Hd .
Cancellations between weak and a higher–loop strong terms appear also in the determination
of the low–energy value of B. Starting from the boundary condition (5), a value different from zero
is generated at the one–loop level through gaugino mediated loops (see first diagram in Fig. 2). The
leading contributions are resummed in a series
∑
n c
w
n (α˜(X) tXQ0)
n where α(X) indicates generically
α2(X) or α1(X). In a closed form, it is:
B = −4
{
C2
(
M2
Z2
)(
1−Z2
b2
)
+
3
5
(
1
4
)(
M1
Z1
)(
1−Z1
b1
)}
. (16)
Values of Ai different from zero are similarly obtained from one–loop diagrams as the second
one in Fig. 2. Leading logarithms arising from such diagrams, after resummation, give:
Ai = −4
{
C3
(
M3
Z3
)(
1−Z3
b3
)
+ C2
(
M2
Z2
)(
1−Z2
b2
)
+
3
5
CYi
(
M1
Z1
)(
1−Z1
b1
)}
. (17)
5
xH
u
H
d
e
B;
f
W
f
H
u
f
H
d
e
Q
e
U
e
g
H
u
Q
U
Figure 2: One–loop diagrams contributing to Bµ and At. Here and in the following figure, the cross
indicates the parameter µ, the dots one or two powers of yukawa couplings.
x
e
g
H
u
H
d
Q
e
Q
U
e
U
e
Q
e
U
e
Q
e
U
e
g
Q
U
H
u
e
Q
H
u
e
Q
H
u
Q
e
g
U
e
U
e
U
H
u
f
D
H
d
e
B;
f
W
D
f
H
d
e
Q
Figure 3: Two–loop diagrams generatingBµ and At. Both sets of diagrams contribute to the corresponding
one–loop and two–loop RGE.
The coefficients CYi are given in Appendix A and C3, C2 are equal to 4/3, 3/4 for At and Ab, and
0, 3/4 for Aτ . When only gaugino–mediated loops are considered, it is then, At ∼ Ab ∼ −M2 and
B ∼ Aτ ∼ −0.1M2, roughly for any Λ ∼> 70TeV.
Thus, the leading contributions to B proportional to yukawa couplings, i.e. “Ai–induced”,
are first obtained at the two–loop level (see upper diagram in Fig. 3) and give rise to the series∑
n c
s
n+1α˜t(X)(α˜3(X))
n (tXQ0)
n+1. At the two–loop level are also obtained the leading logarithmic
contributions to Ai proportional to yukawa couplings (see lower diagrams in Fig. 3 for At). Nev-
ertheless, while these diagrams produce indeed numerically small corrections to the values of Ai
previously obtained, the same is not true in the case of B, for which one has:
cs2
cw1
≃ −3
(
16
9
)(
M3
M2
)(
Z2
Z3
)(
α˜3(X)
α˜2(X)
)
(α˜t(X) tXQ0) ;
∣∣∣∣ cs2cw1
∣∣∣∣ ∼> 1. (18)
Large cancellations between weak and higher–loop–order strong terms contributing to B take place.
They induce a flip of sign for this parameter, which, then, turns out to be small and positive. The
positivity of B forces also µ to be positive; its smallness, relative to the heavy scalar spectrum,
pushes tanβ to large values.
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At the electroweak minimum, after minimization of V0, one obtains tanβ = 46.4 and the
following values of yukawa couplings at the three relevant scales X, Q0 and MZ :
ht(X) = 0.8130 ; ht(Q0) = 0.8755 ; ht(MZ) = 0.9799 ,
hb(X) = 0.6324 ; hb(Q0) = 0.7045 ; hb(MZ) = 0.7984 ,
hτ (X) = 0.4812 ; hτ (Q0) = 0.4716 ; hτ (MZ) = 0.4657 .
(19)
The Higgs mass parameters m2Hu and m
2
Hd
are: m2Hu ≃ −(1.50M2)2 ≃ −(0.53M3)2, m2Hd ≃
−(0.97M2)2 and µ, given practically by −m2Hu (the difference between the two numbers deter-
mining MZ), is µ ≃ 1.48M2. The values of At and Ab do not deviate much from those obtained
according to (17): At ∼ Ab = −0.9M2. Aτ is now −0.055M2, and B only ∼ 0.02M2.
The results for tanβ –µ obtained from the minimization of V0, as a function of Λ are shown
in Fig. 4. Some portions of these lines are dotted to indicate that the corresponding points of
parameter space are non–physical. Negative squared masses are obtained in the spectra relative to
these points, for scalar other than Hu and Hd.
The lightest low–energy soft parameter is certainly m2
E˜
. For small values of Λ, however, the
inclusion of D-terms renders sneutrinos lighter than charged sleptons. In the leptonic sector, D–
terms are:
Dν˜ =
1
2
cos 2βM2Z ; De˜L = −Dν˜(1− 2 sin2 θW ) ; De˜R = −Dν˜ 2 sin2 θW , (20)
and numerically they amount to Dν˜ ≃ −(64GeV)2, De˜L ≃ De˜R ≃ (45GeV)2 for all values of
tanβ obtained here through minimization of (6). Moreover, if Λ is small enough, m2
ν˜i
may become
negative. By using (10)–(14) (i.e. neglecting, for a rough estimate, third generation mass effects on
the evolution of soft parameters) and our gauge couplings inputs, it is easy to see that the condition
m2L > |Dν˜ |, i.e. m2ν˜ > 0, is fulfilled for Λ > 7.3 | cos 2β|1/2MZ/α2 ≃ 20TeV. This value is not too
dissimilar from that obtained with an exact calculation, i.e. the value of Λ in Fig. 4 where the
initial dotted intervals of the two curves for µ and tanβ turn into solid ones.
In this same lowest range of Λ, where it is m2
ν˜i
< 0, De˜L and De˜R protect the squared masses of
charged sleptons from becoming negative. Nevertheless, the mass of the lightest state, τ˜1 is smaller
than the experimental lower bound of 45GeV coming from LEP I and it remains so also in the tiny
region of Λ around 20TeV, where tanβ and µ are indicated by solid lines.
When Λ increases, sneutrinos become heavier, whereas mτ˜1 tends initially to decrease. This is
due to the fast increase of µ tanβ in the left–right entry of the τ˜ mass matrix, initially faster than
the increase of the diagonal entries (see the Λ dependence of µ/M3 in Fig. 4). By identifying De˜L
and De˜R (≡ De˜), and neglecting third generation mass effects on the evolution of soft parameters,
as well as Aτ in the off–diagonal entry of the τ˜ mass matrix, one can cast the condition m
2
τ˜1
≤ 0
in the form: m2Em
2
L + De˜(m
2
E + m
2
L) − (µ tanβ mτ )2 + D2e˜ ≤ 0. This quadratic equation in M22
admits indeed two solutions which delimit an interval not too dissimilar from that indicated by the
dotted portions of lines in Fig. 4 and determined without any of the above approximations. For
further increases in Λ, the diagonal entries in the τ˜ mass matrix increase far more rapidly than the
off–diagonal ones giving eventually a physically acceptable spectrum.
We observe that choices of x closer to 1 (i.e. X ∼ Λ), affect the supersymmetric spectrum
through the functions f(x), g(x) and the smaller size of the logarithm tXQ0 . We obtain lighter
squarks and sleptons as well as lighter values of |m2Hu |: µ is, then, in general, ∼ M2. All gaugino
are heavier and therefore weak and strong contributions to B are also larger. In the range of Λ
7
Figure 4: Values of tanβ –µ obtained from the minimization of V0. The dotted intervals indicate non–
physical solutions.
physically acceptable (Λ ∼> 50GeV), the values of B are smaller than those obtained with our
previous choice of x (see (18)): strong gauge couplings as well as top yukawa couplings are now
larger at X, but not enough to compensate the decrease of tXQ0 due to smaller X’s for fixed Λ’s.
(The values of Q0 are also slightly smaller, but this change has negligible consequences.) Overall,
the new tanβ ’s do not differ appreciably from the values previously obtained, for Λ ∼> 50GeV.
3.2. Fully one–loop corrected Higgs potential
We have previously argued about the suitability of our choice of decoupling scale Q0, which will
be a posteriori justified by the results of the calculations presented in this subsection. It is obvious,
however, that a change in this scale affects those parameters where the interplay between weak and
strong sectors with different sensitivity to Q0 has the largest effect. Particularly problematic is the
parameter B. Since its low–energy value turns out to be rather small, changes of Q0 may easily
induce oscillations of B around zero, which in turn, require flips of sign in the parameter µ with
non–negligible consequences for the resulting phenomenology. Higher order corrections than those
provided by the one–loop RGE as well as adjustments for the inadequacy of one unique decoupling
scale Q0 for the widely separated strong and weak sectors, become therefore mandatory.
Given the smallness of the logarithm tQ0X , finite corrections are in the MMM more important
than in the MSSM, when compared to the leading logarithmic corrections supplied by the same
order RGE. In principle, they should be also larger than corrections coming from higher order RGE.
In practice, this will not be the case, for the parameter B.
For a complete set of corrections to the parameters which determine the radiative breaking of
SU(2) × U(1) we will consider the fully one–loop corrected effective potential V1(Q0), defined as
V1(Q0) ≡ V0(Q0) +∆V1(Q0) and we will include contributions to ∆V1(Q0) coming from all sectors
of the theory. Because of the wide gap existing between weak and strong mass parameters, this is
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crucial in order to warranty results stable under variation of the decoupling scale.
Among other possible finite corrections, we include those to the b–quark mass, which, as known,
can be rather large, when tanβ has values as large as those obtained here. These corrections reduce
the value of the coupling hb since hb(MZ) = (mb − δmb)/vd = (mb − tanβ µ∆)/(v cos β) with ∆
(> 0) given in [10,11]. Consequently, they affect the evolution of m2Hd (see (A7)), decrease the low–
energy value of B, therefore increasing tanβ . This, in turn, increases 1/ cos β and the size of δmb.
A retuning of all parameters finally produces the electroweak minimum for tanβ ’s in general larger
than those obtained when these corrections were not included. The values of µ remain practically
unchanged, since the parameters m2Hu are unaffected by these corrections. For Λ = 100TeV, in
particular, it is µ ∼ 397.5GeV, as before; hb decreases from 0.798 to 0.786 and correspondingly
At and Ab are slightly more negative. B adjusts to values indistinguishable from the previous one,
but tanβ increases to 52.1 from the initial value of 46.4. We neglect finite corrections to quark
masses other than to mb, as well as threshold effects for supersymmetric parameters other than
those induced by ∆V1(Q0).
We come now to analyze the effects of the inclusion of the one–loop corrections to the effective
potential, which have the well known expression:
∆V1(Q0) =
1
64π2
∑
a
nam
4
a(H)
[
ln
(
m2a(H)
Q20
)
− 3
2
]
(21)
where ma(H) is the field-dependent mass of the a
th-particle, na, the corresponding number of
degrees of freedom (negative for fermions): nq˜ = 6, nq = −12, nl˜ = 2, nl = −4, nχ˜+ = −4, nH± = 2,
nW = 6, nχ˜0 = −2, nH0 = 1, and nZ = 3. The corrected potential V1(Q0) yields minimization
equations which retain the form in (7), (8), provided the parameters Bµ, m2Hd , m
2
Hu are substituted
by hatted parameters B̂µ, m̂2Hd , m̂
2
Hu
defined as m̂2Hi = m
2
Hi
+ δm2Hi , and B̂µ = Bµ+ δ(Bµ):(
m̂2Hd + µ
2 + 1
2
(g2+g2Y )(v
2
d − v2u)
)
2vd − (B̂µ) 2vu = 0 (22)(
m̂2Hu + µ
2 − 1
2
(g2+g2Y )(v
2
d − v2u)
)
2vu − (B̂µ) 2vd = 0 . (23)
The shifts δm2Hi , δ(Bµ) are listed in Appendix B. We do not use different symbols to distinguish
between vu and vd as obtained from the minimization of V0 and V1. In what follows and in
Appendix B we refer to the new minimum as to the V1–minimum as opposite to the V0–minimum
obtained from (6).
The corrections δm2Hi have been only partially included in [4,5], but not those to Bµ, in
principle very important and with strong impact on the value of tanβ . In a generic GMSB, one
can fix the value of tanβ at will using the freedom in the high– and low–energy parameter B. It
is precisely this lack of freedom which makes the MMM a model far more difficult to study.
At the V1–minimum, quark/squark and lepton/slepton contributions to δ(Bµ) are
†:
1
32π2
[
3
(
At µh
2
t
)
D(m
t˜1 ,˜t2
) + 3
(
Ab µh
2
b
)
D(m
b˜1 ,˜b2
) +
(
Aτ µh
2
τ
)
D(mτ˜1,τ˜2)
]
; (24)
those coming from charged gauge/gaugino, higgs/higgsino modes:
1
32π2
[
2
(
M2µ g
2
)
D(mχ˜1,χ˜2) −
g2
4
(
2(Bµ) +
g2
2
v2 sin 2β
)
D(mH±,G±)
]
, (25)
†Although squark mass matrices were evolved down in their 6× 6 form, the approximation of 2× 2 mass matrices
for each generation of squarks and sleptons is used here
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where v2 ≡ v2d + v2u and G± is what would be the charged Goldstone boson at the V0–minimum.
Those due to neutral gauge/gaugino, higgs/higgsino mode are:
1
32π2
2 4∑
i=1
F (mχ˜0
i
, Q0)
∂m2
χ˜0
i
∂ sin 2β
− (g
2+g2Y )
4
(
(Bµ) +
(g2+g2Y )
4
v2 sin 2β
)
D(mA0,G0)
 , (26)
with A0 the pseudoscalar Higgs, G0 the would–be–neutral Goldstone boson. The functions D(ma,b)
and F (ma, Q0) are defined in Appendix B. Corrections to Bµ coming from other sectors of the
theory are identically zero.
A comparison of (24) with the RGE for B (see (A4)) shows how the quark/squark, lep-
ton/slepton contributions to δ(Bµ) are corrections to the parameter B. They improve upon the
arbitrariness of the scale Q0, linking it more realistically to the actual mass of the scalars virtually
exchanged in the corresponding loop diagram. In the top/stop case, for example, in the limit of van-
ishing left–right mixing terms, it is indeed, m
t˜1
→ m
U˜
and m
t˜2
→ m
Q˜
, with U˜ , Q˜ the two scalars in
the first diagram of Fig. 3. Moreover, in the limit m
t˜1
→ m
t˜2
≡ m
t˜
, it is D(m
t˜1,2
)→ 2 log(m2
t˜
/Q20)
and the term 3/(16π2)Ath
2
t log(m
2
t˜
/Q20), with opposite sign to the corresponding one arising from
(A4), would have the effect of trading Q20 for m
2
t˜
. In its actual form, the top/stop contribution
includes also finite corrections, of type c′s2 α˜t(X) α˜3(X) tXQ0 i.e. with one logarithm less than the
corresponding term provided by the RGE cs2 α˜t(X) α˜3(X) (tXQ0)
2.
Similar considerations hold for chargino and neutralino corrections which take care of scale
adjustments and finite pieces inclusions, of type ∼ c′w1 α˜(X), coming from the first diagram of
Fig. 2, to be compared to the terms cw1 α˜(X) tXQ0 obtained from the one–loop RGE.
The sign of the contributions (24)–(26) depends crucially on the value of Q0 with respect
to the masses exchanged in the loop. Keeping the choice of Q0 made at the tree–level, we have
for Λ = 100TeV, m
t˜1
∼ 977GeV, m
t˜2
∼ 1099GeV, and Q0 ∼ 993GeV. These masses, roughly
independent of further adjustments in tanβ and µ, are shown in Fig. 6 normalized to the gluino
mass. Thus, D(m
t˜1,2
) is positive; the same is true for D(m
b˜1,2
), whereas D(mτ˜1,2) and D(mχ˜1,2) are
negative. Quark/squark corrections are therefore small and negative (At and Ab are both negative),
those due to tau/stau are small and positive. Chargino corrections are large and negative. Although
this cannot be explicitly seen by the formulas displayed in (26) and in Appendix B, negative are
also the neutralino contributions to δ(Bµ), although not as large as the chargino contributions.
The remaining corrections coming from gauge and higgs boson modes are numerically smaller.
Whereas the overall Q0–dependence of B̂µ and δm
2
Hi
is of order higher than the order of
the calculation presented here, the relative size of the individual corrections changes for different
choices of Q0. For smaller values of Q0, the quark/squark contribution tend to dominate and it
may happen that approaching MZ , a negative µ is needed to balance corrections too negative and
therefore maintain B̂µ positive (B̂µ is indeed related to the fully one–loop corrected pseudoscalar
Higgs mass). Since the bulk of supersymmetric particles is much heavier than MZ , we believe that
definite conclusions cannot be drawn on the solutions obtained with such an “unnatural” choice of
scale without including higher order corrections to the minimization conditions.
As for the shifts δm2Hi , the two largest contributions are the top/stop correction to m
2
Hu and
the bottom/sbottom correction tom2Hd . They are both negative and add to the already negative pa-
rameters m2Hi . Contributions from first two generations squarks with different isospin, although not
negligible in absolute value, almost completely cancel each other (see formulas in Appendix B). The
next largest contributions are the chargino/charged–boson–sector and neutralino/neutral–boson
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Figure 5: Solutions obtained for tanβ –µ with a fully one–loop corrected neutral higgs potential (solid
lines). The short–dashed lines correspond to the solutions obtained when only mb–corrections are included;
the dotted lines are the solutions in Fig. 4. See text for the long–dashed lines.
sector, which contribute with different sign. Their algebraic sum, positive, is however still larger
than the tau/stau contribution. The hatted parameters m̂2Hd , m̂
2
Hu are now more negative than
m2Hd and m
2
Hu
.
A retuning of µ and tanβ is therefore needed to make the left–hand–side of (22) and (23)
vanish. After a numerical iteration, solutions are found for values of tanβ and µ larger than
those obtained at the V0–minimum. Considerable is, in particular, the deviation for tanβ : for
Λ = 100TeV, the new value is 59.0, the old, 46.4. This situation is not improved by a change of
decoupling scale, which is symptomatic of some incompleteness in the set of corrections included.
A close inspection of the two–loop evolution equation for B (see the relative equation in
Appendix A) shows the presence of strong terms, not Ai–induced, which yield contributions of
type dso n (α˜s(X) α˜t(X) tXQ0)
n. The first of these terms, with n = 1, is of same size of the Ai–
induced finite corrections. It is indeed originated by the same upper diagram in Fig. 3, with the
fermionic loop “open” (i.e. not shrank to reproduce At). We add this first term in our determination
of B; it has a positive sign and produces therefore an increase in the value of B and a decrease of
tanβ .
In complete analogy with the situation observed in the case of the one–loop RGE, the remaining
strong Ai–induced terms in the two–loop RGE yield corrections of type d
s
1n (α˜
2
s(X) α˜t(X) t
2
XQ0
)n
and ds2n (α˜s(X) α˜
2
t (X) t
2
XQ0
)n, of same size than the corrections dwn (α˜
2(X)tXQ0)
n due to weak
terms. The first terms in these series (n = 1), are larger than the corresponding finite one–loop
corrections, c
′ s
1 α˜s(X) α˜t(X)tXQ0 , c
′ w
1 α˜(X), as expected. Their addition, therefore, would certainly
require the inclusion of finite thresholds effects and corrections due to the two–loop RGE for all
supersymmetric parameters. No other anomalously large corrections are induced by terms in the
two–loop RGE for m2Hu and m
2
Hd
[12].
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We show in Fig. 5 (solid lines) our estimate of µ, tanβ as obtained following the prescription
described above. We start our plots from Λ > 62TeV ‡; below this value it is m2
τ˜1
< 0, and
the calculation of one–loop corrections becomes impossible (see terms ln(m2
τ˜
/Q20) in the tau/stau
corrections). We also neglect a very tiny region at small Λ which yields unacceptably low masses
for τ˜1. For comparison, we give in this figure also the results obtained through minimization of V0
(dotted lines); those obtained when only finite corrections to mb are added (short–dashed lines)
and those coming from the minimization of V1, with finite corrections to mb included (long–dashed
lines). In this last case tanβ is large enough to keep m2
τ˜1
negative up to Λ ∼ 80TeV. As already
mentioned, corrections to mb only do not produce deviations in the value of µ as obtained at
the V0–minimum (the dotted and short–dashed lines corresponding to µ coincide). Similarly the
inclusion of the non–resummed term in the two–loop RGE lowers tanβ , but gives rise to changes
in µ indistinguishable on the left frame, and only barely visible in the right one, where the ratios
µ/M3 are given.
The addition of all the above described corrections to the Higgs potential produce a much
milder dependence of the tanβ –µ solutions on the decoupling scale Q0. We give in the table below
the values of tanβ and µ at the V0– and the V1–minimum for Λ = 100TeV, and the two different
decoupling scales Q0 = 993GeV and Q0 = 331GeV.
Q0 = 993GeV Q0 = 331GeV
V0–min tanβ = 46.4, µ = 397.5GeV tanβ = 36.1, µ = 481.8GeV
V1–min tanβ = 49.9, µ = 433.9GeV tanβ = 47.3, µ = 446.0GeV
The large variation obtained when minimizing V0 can be traced back rather easily. The lowering
of Q0 induces an increase of the value of the strong gauge coupling in the interval {Q0,X}. This is
due to the fact that the interval {MZ , Q0} where the faster SM evolution takes place (bSM3 = −7;
b3 = −3) is now smaller. The trilinear couplings At, Ab are larger, and, as a consequence, also the
values of B increase. Heavier squark spectra and larger top yukawa couplings induce also larger
µ’s; the increase of the term Bµ produces smaller values of tanβ . The variation in the tanβ –µ
solution is much smaller when corrections to V0 are included. Values of Q0 too close to MZ , are
however still problematic.
This shows that our choice of Q0 is already close enough to the optimized scale QS discussed
in [13,14], where the prediction for the two vacuum expectation values v1 and v2 from V0 and V1
coincide. We can therefore rely on the RGE–improved tree–level scalar potential and our choice
of Q0 to verify whether dangerous minima breaking charge and/or colour are not also present and
possibly deeper than the observed electroweak minimum. An analysis of this type when all one–
loop corrections to the scalar potential are added would clearly be prohibitive. We do not find
evidence for the existence of such minima, at least using the analytical criteria given in [14,11].
4. Spectrum, Prediction, Constraints
We display in Fig. 6 the spectrum obtained in the allowed range of Λ for our estimate of µ,
tanβ (solid lines of Fig. 5), and we give explicitly in the following table the values of gaugino,
chargino. neutralino, and slepton masses (in GeV) at Λ = 100TeV.
‡This value of Λ is larger than the value of ∼ 50TeV obtained when minimizing V0, since µ and tanβ are now
larger
12
M1 M2 M3 mχ˜+
2
mχ˜+
1
mχ˜0
1
mχ˜0
2
mχ˜0
3
mχ˜0
4
mν˜1,2 mν˜3 mτ˜1 mτ˜2 me˜R me˜L
144 268 757 254 456 142 255 440 455 337 333 105 361 175 347
We follow here the conventions in [15] (mχ˜+
1
> mχ˜+
2
) and we indicate by me˜R (me˜L) the two
degenerate eigenvalues for right– and left–handed e˜ and µ˜. Similarly degenerate are two of the
three ν˜ states. For the same Λ, the up– and down–squark masses are given in Appendix C. Due
to the rather large values of µ and tanβ , the three heavy Higgs states (two neutral, one charged)
range between 346 and 360GeV; the lightest neutral state has mass roughly 125GeV.
The almost factor of two between the first two generations left–handed and right–handed
masses, already present at high–scale (12) is clearly visible in the fourth frame of Fig. 6. The
same splitting in the masses of the first two generations squarks is more modest since it is due
to weak gaugino loops, whereas the bulk of the masses is produced by gluino loops (12). The
corresponding ratios of the high–scale first two generations left– and right–handed squark masses
(m
Q˜
(X), m
U˜
(X)) over the low–energy gluino mass, not shown in this figure, are shifted downward,
with respect to the solid lines in the two lower frames, by a factor ∼ (1−Z22 )/b3 (for f(x)/g(x)2 ∼ 1)
(see (13)). Their geometrical mean, Q0/M3, is explicitly indicated in both frames by the short–
dashed lines. Tiny differences in the shape of the two solid lines in these two frames are due to
isospin effects (12, 13) as well as to the presence of different D–terms in the two cases. Those
induced by intergenerational as well as chirality mixing terms in the up– and down–squark mass
matrices are not visible in these figures.
Right–handed as well as left–handed e˜ and µ˜ can easily decay to the lightest neutralino χ˜01
with mass ∼M1. The decrease for increasing Λ of the ratios relative to the two heavy neutralinos
(mainly neutral higgsino states) and the heavy chargino (mainly a charged higgsino state) in the
first two frames of Fig. 6, can be simply explained by the milder growth of µ already observed in
Fig. 5. Their masses actually increase and their states become increasingly more mixed with the
gaugino states.
Third generation yukawa effects in the evolution equations (A6) are responsible for the roughly
10% decrease in the third generation squark masses. In addition, the two stop masses are only a little
affected by the presence of left–right mixing terms in the up–squark mass matrix (∼ Atmt ∼< M22
compared to the diagonal elements which are ∼> M23 ). This effect is somewhat larger in the down–
squark case. Differently than in the MSSM, the twelve squark states cluster quite closely around
a common value of mass, ∼ 1TeV at Λ = 100TeV. We show in Appendix C the diagonalization
matrices for up– and down–squarks, at this same value of Λ, from where one can read off the
composition of the relative squark mass eigenstates.
Small is the effect induced by hτ in the sneutrino sector, as the third frame of Fig. 6 shows. On
the contrary, the effects due to the presence of left–right mixing terms in the charged slepton mass
matrix are rather large. The two states τ˜1, τ˜2, have masses on opposite sides of the left– and right–
handed first two generations sleptons. The lighter of the two, τ˜1, is indeed the lightest sparticle in
the spectrum and exceeds the LEP I bound of 45GeV only for Λ ∼> 72TeV. Once this constraint
is imposed, the remaining spectrum is heavy enough to largely exceed any other experimental
lower bound on masses. We obtain, in fact, mχ˜± ∼> 180GeV, mχ˜0 ∼> 100GeV, mν˜ ∼> 240GeV,
m
l˜± ∼> 130GeV, mu˜ ∼> 735GeV, and md˜ ∼> 725GeV.
Thus, the main decay for χ˜01 is the two body decay χ˜
0
1 → τ τ˜1. It proceeds with full electroweak
gauge strength reducing therefore the partial width for the decay χ˜01 → γG˜ (G˜ is here the gravitino)
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Figure 6: Ratios of chargino, neutralino, and sfermion masses over weak and strong gaugino masses. For
sleptons and squarks, the solid lines are relative to the degenerate first two generations left–handed (upper
lines) and right–handed (lower lines) states. The dashed lines refer to the third generation eigenstates. The
short–dashed lines in the two lower frames indicate the ratio of our choice for Q0 (see text) over the gluino
mass. This spectrum corresponds to the solutions (tanβ , µ) indicated in Fig. 5 by solid lines.
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to practically negligible levels in this model. (For a theoretical discussion of this decay mode
see [16].) The subsequent decay τ˜1 → τG˜ gives ττ +missing energy as signature for the decaying
χ˜01 and a four τ ’s signal for χ˜
0
1 pair production in an e
+e− collider. Given the rather large values
of mχ˜0
1
induced by the constraint mτ˜1 > 45GeV, such a signal can be observed only at future
e+e− colliders. The only signal LEP II is likely to detect is two τ ’s +missing energy due to a pair
production of τ˜1. The two final τ ’s are in this case more energetic than in the similar production
mechanism in the MSSM, where τ˜1 decays into χ˜
0
1+ τ and the neutralino has non–negligible mass.
As already observed, an increase in x towards the value one, has the effect of decreasing scalar
masses, while increasing gaugino masses. The parameter µ, now much closer to M2, gives chargino
and neutralino states much more mixed: the curve relative to the heaviest neutralino in Fig. 6 is
lowered to the values 1.3–1.1 in the shown range of Λ. The ratios of up– and down–squark over
gluino masses are now between 0.9 and 1.0. The lightest particle of the spectrum is still τ˜1, but
also e˜R, µ˜R become lighter than the lightest neutralino.
A severe constraint on this model may come from the b→ sγ test. (This was considered in [4,17]
in the context of more general GMSB models than the MMM.) The estimate for the branching
ratio Br(b→ sγ) is obtained here using the one–loop supersymmetric boundary conditions at the
electroweak scale given in [9] and including the leading QCD corrections as in [9,18]. Experimental
errors of some relevant low–energy variables as well as theoretical uncertainties in the QCD cor-
rections are kept into account as in [18] and [19]. The main source of uncertainty comes from the
ambiguity in the scale at which this process has to be evaluated: we let this scale vary between
mb/2 to 2mb.
Among the supersymmetric amplitudes, the collection of those relative to chargino exchange
deserves a little attention in this model. We rewrite them in the form:
Aχ˜− = C
γ
2,6∑
j,k
(−2)xwk
{
Cbs1 jk
(
F1 +
2
3
F2
)
(xjk) +
mχ˜j
mb
Cbs2 jk
(
F3 +
2
3
F4
)
(xjk)
}
(27)
where the function Fi are given in [9], the symbols xij denote ratios of masses: xwk ≡ M2W /m2u˜k ,
xjk ≡ m2χ˜+/m2u˜k , and the constant C
γ is Cγ ≡ GF e/(
√
32π2). The coefficient Cbs
1 jk collects the
couplings:
Cbs1 jk = G
jkb
ULG
jks∗
UL − (GjkbULHjks∗UL +HjkbURGjks∗UR ) +HjkbURHjks∗UL (28)
of the “pure gaugino”, “mixed gaugino–higgsino” and “pure higgsino” contributions. By using the
definitions in [9] and the fact that sinβ ∼ 1, cos β ∼ 1/tanβ in this model, Cbs
1 jk can be re–expressed
as:
Cbs1 jk ≃ |Vj1|2Γk3ULΓ∗k2UL−
√
xtw
2
Vj1V
∗
j2
(
Γk3ULΓ
k3
URKts+Γ
k3
URΓ
k2
ULKtb
)
+
xtw
2
|Vj2|2|Γk3UR|2KtbK∗ts , (29)
where K is the Kobayashi–Maskawa matrix, U and V the matrices needed to diagonalize the
chargino mass matrix. The 3×6 matrices ΓUL and ΓUR, juxtaposed, give the diagonalization matrix
DU of the up–squark mass matrix. Their numerical components as well as those of ΓDL, ΓDR, as
obtained for Λ = 100TeV, are given in Appendix C. Similarly, the coefficient Cbs
2 jk multiplied by
mχ˜j/mb is:
mχ˜j
mb
Cbs2 jk ≃
√
xjw
2
tanβ
(
−Uj2V ∗j1 Γk3ULΓ∗k2UL +
√
xtw
2
Uj2V
∗
j2 Γ
k3
ULΓ
∗k3
URK
∗
ts
)
. (30)
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Figure 7: Branching ratio for the decay b→ sγ obtained in the MMM (solid lines); the dashed lines indicate
the SM’s band and the dotted lines the band obtained in a Two-Higgs doublets model with the same mass
for the charged higgs as obtained in the MMM. The horizontal solid lines delimit the experimentally allowed
values. The results shown correspond to the solutions tanβ –µ indicated in Fig. 5 by solid lines.
The amplitude in (27) with the pure gaugino coupling (first term in (29)) is the supersymmetric
counterpart of the SM amplitude:
ASM = C
γ KtbK
∗
ts 3xtw
(2
3
F1 + F2
)
(xtw) ; (31)
those with pure higgsino couplings (the last terms in (29) and (30)), the counterparts of the Higgs–
mediated amplitude:
AH− = C
γ K∗tsKtb xth
{
cot2 β
(2
3
F1 + F2
)
(xth) +
(2
3
F3 + F4
)
(xth)
}
, (32)
with obvious meaning of all ratios xij. In particular, the amplitude with the last coupling in (29)
corresponds to the Higgs contribution proportional to cot2 β, that with the last coupling in (30) to
the tanβ –independent one. Both couplings have column–index equal to 2 in the diagonalization ma-
trices U and V , which, indeed, selects the higgsino component of the chargino exchanged in the loop
(see [15], whose notation we follow here). We remark that in this model the chargino mass matrix,
X ∼ ((M2,
√
2MW ), (0, µ)), has all positive entries. It is, therefore, detX > 0. The two diago-
nalization matrices U , V have then both the structure ((cosφU,V , sinφU,V ), (− sinφU,V , cosφU,V ))
with angles φU , φV determined by tan φU ∼ (m2χ˜1 − (M
2
2 + 2M
2
W ))/(
√
2MWµ) and tan φV ∼
(m2
χ˜1
− M22 )/(
√
2MWM2), both > 0. (We remind that in our convention, mχ˜1 is the heavier
chargino.)
The two amplitudes with couplings (30) are, in general, those responsible for the growth of
the chargino contribution for increasing tanβ and should, in principle, be the most relevant ones
when tanβ is large. The situation is, however, slightly different in this model. As it can be seen
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from Appendix C, the tanβ –dependent gaugino–higgsino amplitude,
A
W˜ H˜
= Cγ
2,6∑
j,k
2xwk
√
xjw
2
tanβ Uj2V
∗
j1 Γ
k3
ULΓ
∗k2
UL
(
F3 +
2
3
F4
)
(xjk) , (33)
gets contributions from the mainly left–handed stop (k = 2) and the mainly left–handed scharm
(k = 6), which have non–negligible mixings with c˜L and t˜L, respectively. (The index k is ordered
according to increasing values of the squark masses.) Sizes and signs of these mixings are determined
by the RGE which generate off-diagonal terms in the left–left sector of the up–squark mass matrix,
and the requirement of orthogonality for D. For our representative value Λ = 100TeV, |Γ23ULΓ∗22UL| ∼
|Γ63ULΓ∗62UL| ∼ 0.02. The two products have opposite sign and differ only at the 10−6 level; the
presence of the functions (F3 + 2/3F4)(xj,k) ∼ O(1), however, gives rise to a flavour violation
still at the 10−3 level. An additional cancellation is due to the gaugino mixing. After summation
in k, the sign of the two terms corresponding to the two different j’s is different, as it appears
evident from the previous discussion on the matrices U and V . (This result, obviously does not
depend on the freedom used in fixing relative phases in the elements of U and V (see [15]).) Again,
for Λ = 100TeV, it is: U12V
∗
11 ≃ −0.36, U22V ∗21 ≃ +0.20, (mχ˜2 = 456GeV, mχ˜1 = 254GeV).
Furthermore, the ratio xwk is a strong factor of suppression, xwk ∼ 10−2, reducing the “gaugino–
higgsino” mixing amplitude (33) to be more than two orders of magnitude smaller than ASM and
AH− and roughly one order of magnitude larger than the pure “gaugino” contribution. Similar
cancellations appear also in the other gaugino–higgsino mixing amplitude (with coupling in the
second term of (29)), which gives rise to the smallest amplitude in the collection (27).
The tanβ –dependent pure “higgsino” amplitude gets non–negligible contributions from the
two stop states (k = 1 and k = 2). The product of the two elements of ΓUL, ΓUR, with their
opposite sign for the two k’s, leads to a left–right mixing < 10−4, overkilling the enhancement due
to tanβ . Numerically, once all summations on k and j are performed, this amplitude turns out to
be smaller than the tanβ –independent pure “higgsino” amplitude:
A
H˜H˜
= Cγ
2,6∑
j,k
(−2)xwk xtw
2
|Vj2|2|Γk3UR|2KtbK∗ts
(
F1 +
2
3
F2
)
(xjk) , (34)
where it is (Γ13UR)
2 ≃ 1, V 222 ≃ 1 and xtw/2 ≃ 1 and where the flavour violation has the same weight
as in the SM. The amplitude (34) is the largest one in the collection (27). Its sign is opposite to
that of ASM and AH− , but due to the suppression factor xwk, it produces only a tiny cancellation
of AH− .
Also the gluino amplitude:
Ag˜ = C
γ
6∑
k
16
9
xwk
( αs
αw
){
ΓkbDL ΓDLx
∗ks F2(xgk) − mg˜
mb
ΓkbDR Γ
∗ks
DL F4(xgk)
}
(35)
is known to increase for increasing values of tanβ [20]. Of the two terms in (35), the larger
contribution comes from the second one, with exchange of the mainly right–handed sbottom (k = 1),
the mainly left-handed sbottom (k = 4) and the mainly left–handed s-strange (k = 6). Left–right
terms in the down–squark mass matrix play a larger role than in the up–squark mass matrix
and the corresponding mass eigenstates are more mixed states. The simultaneous left–right and
flavour transitions are, however, still ∼< 10−4. The enhancement factors mg˜/mb(mb) and αs/αw,
together with the fact that down– and up–squarks have very similar masses, makes this amplitude
comparable to the tanβ –dependent pure “higgsino” one. In our representative case Λ = 100TeV,
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the SM, Higgs, chargino and gluino amplitudes are respectively: −1.1× 10−9, −5.7× 10−10, 7.9×
10−12, and 1.3 × 10−11. The charged Higgs mass, for this value of Λ, is 360GeV. The neutralino
amplitude is completely negligible.
The values of Br(b→ sγ) predicted by this model are in the region delimited by solid lines in
Fig. 7. The MMM’s branching ratio deviates little from that obtained in a Two–Higgs–Doublet
Model (band delimited by dotted lines) with mH± as predicted by the MMM. For reference we
report also the SM prediction (region within the dashed lines) and the experimentally allowed
value (region within the two horizontal solid lines) [21].
Since the requirement of positivity for the the τ˜1-mass has already selected relatively large
values of Λ, Λ ∼> 62TeV, and the LEP I constraint mτ˜1 ∼> 45GeV imposes Λ ∼> 72TeV, no further
exclusion comes, at the moment, from the measurement of this decay. Improved experimental
results will require improvements in the calculation of the supersymmetric branching ratio before
any significant conclusion can be drawn. A significant shift of x towards one, however, would push
already now the MMM’s band outside the experimentally allowed range up to Λ ∼ 100TeV. For
this value of Λ, it is: mH± = 300GeV and the SM, Higgs, chargino and gluino amplitudes are:
−1.1× 10−9, −6.7× 10−10, 4.9× 10−12, and 1.5× 10−11.
5. Conclusions
In this paper, we studied the MMM in the approximation of a messenger scale of the same order
than the supersymmetry–violating messenger scalar mass, and gave our estimate for the solutions
tanβ –µ enforced by the mechanism of radiative breaking of SU(2)L × U(1)Y .
Differently than generic GMSB models, which benefit from the presence of more free parame-
ters at the messenger scale, the MMM requires a careful handling of corrections to Bµ, m2Hu and
m2Hd , which determine the electroweak breaking. To this aim, we considered the one–loop corrected
effective potential with contributions coming from all massive modes in the model: quark, squark,
lepton, slepton, chargino, neutralino, gauge and higgs modes. Finally we included additional loga-
rithmic two–loop corrections to the parameter B of same type and size than those induced by the
one–loop effective potential. All of these corrections turn out to be important to obtain solutions
tanβ –µ stable under variation of the decoupling scale Q0 around a typical squark mass.
Among the predictions obtained by studying the MMM’s mass spectrum, the most interesting
is that τ˜1 is the lightest sparticle. Indeed, the requirement of positivity of m
2
τ˜1
as well as that
coming from the LEPI lower bounds on supersymmetric masses, exclude already values of Λ up
to ∼ 70TeV. This prediction has other important consequences. The MMM, in fact, a) cannot
accommodate the e+e−γγ CDF event [22]; b) may be detected in e+e− collisions through two τ ’s
+missing energy or four τ ’s +missing energy signals.
As expected, flavour violation effects as well as effects due to left–right mixing in the squark
sector are small in this model. The sparticle contributions to b→ sγ , opposite to the W± and H±
contributions are, therefore, not very significant. The overall MMM’s prediction closely resembles
that of a Two Higgs Doublet Model with same H± mass. When mτ˜1 is larger than 45GeV, we
obtain rates consistent with the present experimental measurement.
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Note added
After completion of this work we became aware of the existence of the paper hep–ph/9701341 by
D. Dicus, B. Dutta, and S. Nandi which studies one of the experimental signals listed in this paper,
and of the content of hep–ph/9612464 by R. Rattazzi and U. Sarid with the same subject of the
present paper. The solutions tanβ –µ seem in qualitative agreement with ours. Differences appear,
however, in the conclusions reached for the implication of the measurement of b→ sγ .
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Appendix A.
We list the one–loop RGE to which we refer in the text. For simplicity we give the approximate
form valid in the limit of Kobayashi–Maskawa matrix K ∼ 1l. The one–loop equations actually
used in our analysis, with a realistic K, are given in [9].
– gauge couplings and gaugino masses:
˙˜αi = −bi α˜2i M˙i = −bi α˜iMi (A1)
The dot indicates derivative with respect to tXQ ≡ 2 ln (X/Q) and the tilde a division over 4π. The
supersymmetric β–function coefficients bi are (−3, 1, 33/5). The corresponding SM ones, bSMi , are
(−7,−19/6, 41/10).
– yukawa couplings and soft trilinear couplings:
˙˜αt = (GY )t − 6α˜t − α˜b A˙t = − (GA)t − 6Atα˜t −Abα˜b
˙˜αb = (GY )b − 6α˜b − α˜t − α˜τ A˙b = − (GA)b − 6Abα˜b −Atα˜t −Aτ α˜τ
˙˜ατ = (GY )τ − 4α˜τ − 3α˜b A˙τ = − (GA)τ − 4Aτ α˜τ − 3Abα˜b (A2)
where αt = h
2
t /4π and after defining C
Y
i = (13/36), (7/36), (3/4) for i = t, b, τ , GY and GA are:
(GY )i = 4{C3α˜3 +C2α˜2 + 3
5
CYi α˜1}
(GA)i = 4{C3α˜3M3 + C2α˜2M2 + 3
5
CYi α˜1M1} (A3)
– bilinear coupling:
B˙ = −4
{
C2α˜2M2 +
3
5
(1
2
)2
α˜1M1
}
− (Aτ α˜τ + 3Abα˜b + 3Atα˜t) (A4)
– first two generations squark and slepton masses
˙(m2i )11,22 = 4
{
C3α˜3M
2
3 + C2α˜2M
2
2 +
3
5
Y 2α˜1M
2
1
}
(A5)
– third generation sfermion masses:
˙(m2
Q˜
)
33
= ˙(m2
Q˜
)
11,22
− α˜t (SS)t − α˜b (SS)b
˙(m2
U˜
)
33
= ˙(m2
U˜
)
11,22
− 2 α˜t (SS)t ˙(m2D˜)33 =
˙(m2
D˜
)
11,22
− 2 α˜b (SS)b
˙(m2
L˜
)
33
= ˙(m2
L˜
)
11,22
− α˜τ (SS)τ ˙(m2E˜)33 =
˙(m2
E˜
)
11,22
− 2 α˜τ (SS)τ . (A6)
– soft Higgs-potential parameters:
˙(m2Hd) =
˙(m2
L˜
)
11,22
− 3α˜b (SS)b − α˜τ (SS)τ ; ˙(m2Hu) = ˙(m2L˜)11,22 − 3α˜t (SS)t (A7)
where
(SS)t = (m
2
Q˜
+m2
U˜
)33 +m
2
Hu
+A2t
(SS)b = (m
2
Q˜
+m2
D˜
)33 +m
2
Hd
+A2b
(SS)τ = (m
2
L˜
+m2
E˜
)33 +m
2
Hd
+A2τ .
(A8)
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– µ parameter:
˙(µ2) =
[
4
(
C2α˜2 +
3
5
(1
2
)2
α˜1
)
− (3α˜t + 3α˜b + α˜τ )
]
µ2 (A9)
The low–energy parameter µ is obtained from the minimization condition of the scalar Higgs
potential. This equation may help to trace back the high–energy value of this parameter.
We report also the additional two–loop terms in the RGE for B to which we refer in the text
(see [12]):
B˙ =
{
80
3
(C2 α˜2)
2M2 +
12
5
(C2 α˜2) (α˜1) (M1 +M2) +
207
25
(α˜1)
2M1)
}
+12
{[
C3 α˜3M3 +
1
15
α˜1M1
]
α˜t +
[
C3 α˜3M3 − 1
30
α˜1M1
]
α˜b +
1
10
α˜1M1α˜τ
}
−12
{[
C3 α˜3 +
1
15
α˜1
]
Atα˜t +
[
C3 α˜3 − 1
30
α˜1
]
Abα˜b +
1
10
α˜1Aτ α˜τ
}
+ 6
[
Aτ α˜
2
τ + (At +Ab) α˜tα˜b + 3Atα˜
2
t + 3Abα˜
2
b
]
. (A10)
Appendix B.
It is easy to see that, if we neglect phases other than that in the CKM matrix, the scalar
potential V (here indifferently V0 or the fully one–loop corrected potential V1) depend on the real
components φi, ψi (i = u, d) of the two neutral higgsesH
0
d andH
0
u (H
0
d ≡ φd+iψd ,H0u ≡ φu+iψu) §
through the bilinear operators
ǫd ≡ |H0d |2 ; ǫu ≡ |H0u|2 ; ǫ3 ≡ H0uH0d + h.c. . (B1)
(If extra phases are allowed, one would have to consider slightly more general operators. The
following results would remain unchanged up to complex conjugates of soft parameters and/or µ).
The derivatives of V with respect to φi, which determine the minimum conditions, can then
be expressed in terms of derivatives with respect to ǫd, ǫu and ǫ3 as follows:
(∂φdV ) = 2φd (∂ǫdV ) + 2φu (∂ǫ3V )
(∂φuV ) = 2φu (∂ǫuV ) + 2φd (∂ǫ3V ) . (B2)
The derivatives ∂ǫiV are closely related to the entries of the pseudoscalar Higgs mass matrix, if one
imposes that 〈ψd〉 = 〈ψu〉 = 0: ∂2V /∂ψ2d = 2∂ǫdV ; ∂2V /∂ψd∂ψu = −2∂ǫ3V ; ∂2V /∂ψ2u = 2∂ǫuV .
Moreover, at the electroweak minimum, i.e. when ∂φdV = ∂φuV = 0 for 〈φd〉 = vd, 〈φu〉 = vu
(tanβ ≡ vu/vd), it is:
∂ǫdV = −∂ǫ3V tanβ ; ∂ǫuV = −∂ǫ3V cot β . (B3)
In other words, the correct minimization condition guarantees the existence of one Goldstone boson
mode, corresponding to the eigenstate (cos β,− sin β). The massive mode (sin β, cos β) has mass
(2/ sin 2β)(−∂ǫ3V ). In this sense −∂ǫ3V identifies (Bµ) when V is V0 and what will be called B̂µ
in the case of V1.
§The physical neutral Higgs field H0, h0, A0, properly normalized, are expressed in terms of H0d and H
0
u as in [23]
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The derivatives ∂ǫu, ∂ǫd , and ∂ǫ3 of the RGE–improved tree–level potential, are:
∂ǫdV0 = m
2
Hd
+ µ2 + (g2+g2Y )ǫ−/4
∂ǫuV0 = m
2
Hu + µ
2 − (g2+g2Y )ǫ−/4
∂ǫ3V0 = − (Bµ) , (B4)
with ǫ± ≡ ǫd ± ǫu. Those of the one–loop corrected potential V1 maintain the same form when
expressed in terms of “hatted” variables m̂2Hd , m̂
2
Hu , and B̂µ, where m̂
2
Hi
= m2Hi + δm
2
Hi
, and
B̂µ = Bµ+δ(Bµ). The shifts are due to the one–loop corrections coming from the following sectors:
quark/squark, lepton/slepton, chargino/charged gauge and Higgs mode, neutralino/neutral gauge
and Higgs mode. They can be evaluated generalizing methods used in [24,25]. We list them in the
following.
top–stop contribution
δm2Hd |t, t˜ =
3
32π2
[
S(m
t˜1 ,˜t2
)
(g2+g2Y )
8
+D(m
t˜1 ,˜t2
)
(
(htµ)
2+
(g2+g2Y )
8
C
t˜
∆2
t˜
)]
δm2Hu |t, t˜ =
3
32π2
[
S(m
t˜1 ,˜t2
)
(
h2t−
(g2+g2Y )
8
)
+D(m
t˜1 ,˜t2
)
(
(htAt)
2− (g
2+g2Y )
8
C
t˜
∆2
t˜
)
−2F (mt, Q0)
]
δ(Bµ)|t, t˜ =
3
32π2
[
D(mt˜1 ,˜t2)
(
At µh
2
t
)]
, (B5)
where C
t˜
is C
t˜
≡ (1− 8
3
sin2 θW ) and ∆
2
t˜
is defined as ∆2
t˜
≡ (m2
Q˜
− m2
U˜
)33 + ǫ−Ct˜ (g
2+g2Y )/4.
The functions S(mt˜1 ,˜t2), D(mt˜1 ,˜t2), where the dependence on the scale Q0 has been suppressed for
compactness, can be expressed in terms of F (m,Q0) ≡ 2m2
[
log(m2/Q20)− 1
]
as:
S(m
t˜1 ,˜t2
) ≡ F (m
t˜1
, Q0) + F (mt˜2 , Q0)
D(m
t˜1 ,˜t2
) ≡
(
F (m
t˜1
, Q0)− F (mt˜2 , Q0)
)
/
(
m2
t˜1
−m2
t˜2
)
. (B6)
The approximation of 2×2 mass matrices for each generation of sfermions is used here, in spite of the
fact that the building blocks for these matrices are determined without neglecting intergenerational
mixing terms. All the corrections listed in this appendix are clearly not sensitive to these tiny effects.
bottom–sbottom contribution
δm2Hd |b, b˜ =
3
32π2
[
S(m
b˜1 ,˜b2
)
(
h2b−
(g2+g2Y )
8
)
+D(m
b˜1 ,˜b2
)
(
(hbAb)
2− (g
2+g2Y )
8
C
b˜
∆2
b˜
)
− 2F (mb, Q0)
]
δm2Hu |b, b˜ =
3
32π2
[
S(m
b˜1 ,˜b2
)
(g2+g2Y )
8
+D(m
b˜1 ,˜b2
)
(
(hbµ)
2 +
(g2+g2Y )
8
C
b˜
∆2
b˜
)]
δ(Bµ)|
b, b˜
=
3
32π2
[
D(m
b˜1 ,˜b2
)
(
Ab µh
2
b
)]
, (B7)
with C
b˜
≡ (1− 4
3
sin2 θW ) and ∆
2
b˜
now defined as ∆2
b˜
≡ (m2
Q˜
−m2
D˜
)33 − ǫ− Cb˜ (g2+g2Y )/4.
sneutrino contribution
For each sneutrino species, we have:
δm2Hd |ν˜ =
1
32π2
[
F (mν˜ , Q0)
(g2+g2Y )
8
]
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δm2Hu |ν˜ =
1
32π2
[
−F (mν˜ , Q0)
(g2+g2Y )
8
]
δ(Bµ)|ν˜ = 0 . (B8)
tau–stau contribution
It can be obtained from the bottom-sbottom contribution after suppression of the colour factor 3,
with obvious replacements, i.e. hb → hτ , mb → mτ , mb˜i → mτ˜i , Cb˜ → Cτ˜ ≡ (1 − 4 sin
2 θW ), and
∆2
b˜
→ ∆2
τ˜
≡ (m2L −m2E)33 − ǫ−Cτ˜ (g2+g2Y )/4.
first–two–generations quark/squark, lepton/slepton contribution
Since the approximation of massless first–two–generations quarks and leptons is used in this anal-
ysis, this contribution can be obtained from (B5,B7) and the tau-stau contribution putting to zero
yukawa couplings, quark and lepton masses, and substituting third generation sfermion masses with
the corresponding first and second generation ones. This contribution is rather small: there are no
corrections coming from this sector to Bµ, whereas the corrections to m2Hu and m
2
Hd
from the two
component of a SU(2)L doublet supermultiplet, although singularly not small, tend to cancel each
other without the diversifying effect of the yukawa couplings.
chargino/charged boson contribution
The spin 1/2 modes, charginos, contribute as:
δm2Hd |χ˜± =
1
32π2
g2
[
−S(mχ˜1,χ˜2)−D(mχ˜1,χ˜2)
(
M22 + µ
2 + g2ǫ−
)]
δm2Hu |χ˜± =
1
32π2
g2
[
−S(mχ˜1,χ˜2)−D(mχ˜1,χ˜2)
(
M22 + µ
2 − g2ǫ−
)]
δ(Bµ)|χ˜± =
1
32π2
g2
[
D(mχ˜1,χ˜2)(2M2µ)
]
, (B9)
whereas the charged gauge boson mode gives:
δm2Hd |W± =
3
32π2
[
F (MW , Q0)
g2
2
]
δm2Hu |W± =
3
32π2
[
F (MW , Q0)
g2
2
]
δ(Bµ)|W± = 0 , (B10)
withMW defined asMW = ǫ+g
2/2. There are also two charged Higgs modesH±, G± with “masses”
given by
m2H±,G± =
1
2
µ2Hd+µ2Hu+ g
2
2
ǫ+ ±
(µ2Hd−µ2Hu+ g′22 ǫ−
)2
+
(
2(Bµ)+
g2
2
ǫ3
)2 12
 ,
with µ2Hi ≡ m2Hi + µ2. At the V0– minimum, where the relations µ2Hd + (g2+g2Y )(v2d−v2u)/4 =
(Bµ)tanβ and µ2Hu − (g2+g2Y )(v2d−v2u)/4 = (Bµ) cot β hold, G± is the charged Goldstone boson,
H± the usual charged Higgs, with mass m2H± = µ
2
Hu
+µ2Hd+M
2
W . Both modes, however, contribute
to the determination of the V1–minimum (where the charged Goldstone boson, as well as the neutral
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one mentioned below, are not massless anymore). They shift the variables m2Hu, m
2
Hd
and Bµ by
the quantities:
δm2Hd |H±,G± =
1
32π2
[
S(mH±,G±)
g2
4
+D(mH±,G±)
g′2
4
(
m2Hd −m2Hu +
g′2
2
ǫ−
)]
δm2Hu |H±,G± =
1
32π2
[
S(mH±,G±)
g2
4
−D(mH±,G±)
g′2
4
(
m2Hd −m2Hu +
g′2
2
ǫ−
)]
δ(Bµ)|H±,G± =
1
32π2
[
−D(mH±,G±)
g2
4
(
2(Bµ) +
g2
2
ǫ3
)]
. (B11)
neutralino/neutral boson contribution
In this sector, there are: i) one gauge boson mode, with “mass” MZ ≡ ǫ+(g2+g2Y )/2, which
contribute as:
δm2Hd |Z =
3
32π2
[
F (MZ , Q0)
(g2+g2Y )
4
]
δm2Hu |Z =
3
32π2
[
F (MZ , Q0)
(g2+g2Y )
4
]
δ(Bµ)|Z = 0 ; (B12)
ii) two neutral pseudoscalar Higgs modes A0, G0 with “masses”
m2A0,G0 =
1
2
µ2Hd+µ2Hu ±
(µ2Hd−µ2Hu+(g2+g2Y )2 ǫ−
)2
+ (2(Bµ))2
 12

At the V0–minimum G
0 is massless, A0 is the usual pseudoscalar Higgs with mass m2A0 = m
2
Hd
+
m2Hu + 2µ
2. They contribute as:
δm2Hd |A0,G0 =
1
32π2
(g2+g2Y )
8
[
D(mA0,G0)
(
m2Hd −m2Hu +
(g2+g2Y )
2
ǫ−
)]
δm2Hu |A0,G0 =
1
32π2
(g2+g2Y )
8
[
−D(mA0,G0)
(
m2Hd −m2Hu +
(g2+g2Y )
2
ǫ−
)]
δ(Bµ)|A0,G0 = 0 ; (B13)
iii) two neutral scalar Higgs modes with “masses”
m2H0,h0 =
1
2
µ2Hd+µ2Hu+(g
2+g2Y )
2
ǫ+ ±
(µ2Hd−µ2Hu+(g2+g2Y )ǫ−)2+
(
2(Bµ)+
(g2+g2Y )
2
ǫ3
)212

which, at the V0–minimum, reduce to the conventional neutral Higgs masses m
2
H0,h0 = {µ2Hd+µ2Hu+
M2Z ± [(µ2Hd+µ2Hu−M2Z)2 cos2 2β + (µ2Hd+µ2Hu+M2Z)2 sin2 2β]1/2}/2. They produce the shifts:
δm2Hd |H0,h0 =
1
32π2
(g2+g2Y )
4
[
1
2
S(mH0,h0) +D(mH0,h0)
(
m2Hd −m2Hu + (g2+g2Y )ǫ−
)]
δm2Hu |H0,h0 =
1
32π2
(g2+g2Y )
4
[
1
2
S(mH0,h0)−D(mH0,h0)
(
m2Hd −m2Hu + (g2+g2Y )ǫ−
)]
δ(Bµ)|H0,h0 =
1
32π2
(g2+g2Y )
4
[
−D(mH0,h0)
(
(Bµ) +
(g2+g2Y )
4
ǫ3
)]
; (B14)
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iv) four spin 1/2 modes, the neutralinos. We find their contribution following [26,27,28]:
δm2Hd |χ˜0 =
1
32π2
[
−2
4∑
i=1
F (mχ˜0
i
, Q0) ∂ǫdm
2
χ˜0
i
]
δm2Hu |χ˜0 =
1
32π2
[
−2
4∑
i=1
F (mχ˜0
i
, Q0) ∂ǫum
2
χ˜0
i
]
δ(Bµ)|χ˜0 =
1
32π2
[
+2
4∑
i=1
F (mχ˜0
i
, Q0) ∂ǫ3m
2
χ˜0
i
]
(B15)
where in turn, the derivatives of the masses are:
∂ǫim
2
χ0
i
= −
m6
χ˜0
i
(∂ǫic2) +m
4
χ˜0
i
(∂ǫic4) +m
2
χ˜0
i
(∂ǫic6) + (∂ǫic8)
c6 + 2c4m
2
χ˜0
i
+ 3c2m
4
χ˜0
i
+ 4c0m
6
χ˜0
i
(ǫi = ǫd, ǫu, ǫ3) . (B16)
The coefficients ci are the coefficients of the characteristic equation c0m
8
χ0
i
+ c2m
6
χ0
i
+ c4m
4
χ0
i
+
c6m
2
χ0
i
+ c8 = 0, for the matrix Mχ˜0M†χ˜0 , with all Higgs dependences reinstated back in Mχ˜0 .
(The fact that at the true minimum charged Higgses do not develop vacuum expectation values is
already imposed, allowing therefore the chargino and neutralino mass matrices to decouple.) They
are :
c0 = +1
c2 = −2µ2 −M21 −M22 − (g2+g2Y )ǫ+
c4 = +µ
4 + 2µ2(M21 +M
2
2 ) +M
2
1M
2
2 + [µ
2(g2+g2Y ) + (M
2
2 g
′2 +M21 g
2)]ǫ+
−µ(M1g′2 +M2g2)ǫ3 + (g2+g2Y )2ǫ+2/4
c6 = −µ4(M21 +M22 )− 2µ2M21M22 + µ[µ2(M1g′2 +M2g2) +M1M2(M2g′2 +M1g2)]ǫ3
−µ2(g2+g2Y )2ǫdǫu − µ2(M22 g′2 +M21 g2)ǫ+ − (M2g′2 +M1g2)2ǫ+2/4
c8 = +µ
2[µ2M21M
2
2 − µM1M2(M2g′2 +M1g2)ǫ3 + (M2g′2 +M1g2)2ǫdǫu] . (B17)
Appendix C.
We collect here the numerical entries of the up– and down–squark mass matrices, their eigen-
values and eigenvectors, as obtained at Λ = 100TeV. For better readability, we write here “linear”
mass matrices: their elements are the square root of the entries in the real mass matrix; the re-
ported signs are those of the corresponding squared elements. The up–squark mass matrix, split
in the four left–left, left–right, right–left and right–right submatrices is:
M˜U =

1099.432 0.000 -25.320 0.000 0.000 -3.879
0.000 1099.432 53.712 0.000 0.000 8.228
-25.320 53.712 1044.930 0.000 0.000 38.766
0.000 0.000 0.000 1054.342 0.000 0.000
0.000 0.000 0.000 0.000 1054.342 0.000
-3.879 8.228 -38.766 0.000 0.000 976.915

. (C1)
As in [9], we work in a quark basis in which the transition from current to mass eigenstates is
obtained through the rotation of the left–handed up quarks only. The rotation matrix is the
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Kobayashi–Maskawa matrix. The effect of this matrix on both up– and down–squark mass matrices
is kept up to O(λ3), where λ is the Cabibbo angle.
The diagonalization matrix for M˜u is:
DU =

.0001 -.0004 .0108 .0000 .0000 .9999
.0053 -.0238 .9996 .0000 .0000 -.0108
.0000 .0000 .0000 .0369 .9993 .0000
.0000 .0000 .0000 -.9993 .0369 .0000
-.9762 -.2169 .0000 .0000 .0000 .0000
-.2169 .9759 .0244 .0000 .0000 .0001

k = 1
2
3
4
5
6

976.907
1044.902
1054.342
1054.342
1099.432
1099.466

. (C2)
Each row k represents the decomposition of the k–eigenvector over the initial basis (u˜L, c˜L, t˜L, u˜R, c˜R, t˜R).
The 6 × 3 matrices on the left and right of the vertical bar are, then, nothing else but the ma-
trices ΓUL and ΓUR used in the text. The last column of numbers in (C2) gives for each k, the
corresponding eigenvalue in GeV .
The mass matrix for the down–squark sector looks like:
M˜D =

1102.331 0.000 -30.548 0.000 0.000 0.000
0.000 1102.331 64.803 0.000 0.000 0.000
-30.548 64.803 1033.967 0.000 0.000 -256.273
0.000 0.000 0.000 1050.701 0.000 0.000
0.000 0.000 0.000 0.000 1050.701 0.000
0.000 0.000 -256.273 0.000 0.000 999.164

(C3)
and the corresponding diagonalization matrix is:
DD =

.0018 -.0081 .5101 .0000 .0000 .8601
.0000 .0000 .0000 .9998 .0211 .0000
.0000 .0000 .0000 -.0211 .9998 .0000
-.0073 .0329 -.8595 .0000 .0000 .5100
-.9762 -.2169 .0000 .0000 .0000 .0000
.2168 -.9756 -.0332 .0000 .0000 .0101

k = 1
2
3
4
5
6

979.331
1050.701
1050.701
1052.701
1102.331
1102.397

(C4)
where the 6× 3 matrices on the left and right of the vertical bar are ΓDL and ΓDR. The differences
in the elements (1,1), (2,2), (4,4), (5,5) in M˜U and M˜D are due to the different D–terms present in
the two sectors. The off–diagonal elements (1,3), (2,3) in M˜D are induced by the non-diagonal up
quark yukawa couplings during the evolution from X to Q0. The same elements in M˜U sum also
the supersymmetry non–violating terms induced by up quark yukawa couplings.
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